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VII. On the Means of discovering the Dijiance, Magnitude, &c. 
of the Fixed Stars, in confequence of the "Diminution of the 
Velocity of their Light, in cafe fuch a Diminution Jhould be 
found to take place in any of them, and fuch other Data Jhould be 
procured from Obfervations, as- would be farther necejjary for 
that Purpofe. By the Rev. John Michell, B. D.RR.S. 
In a Letter to Henry Cavendifh, Efq.F. R. S. and A.S. 



Read November %y t l 7%3* 

DEAR SIR, Thornhill, May 26, 17^3. 

THE method, which I mentioned to you when I was laft 
in London, by which it might perhaps be poffible to 
find the diftance, magnitude, and weight of fome of the fixed 
flars, by means of the diminution of the velocity of their 
light, occurred to me fobn after I wrote what is mentioned by 
Dr. Priestley in his Hiftory of Optics, concerning the di- 
minution of the velocity of light in confequence of the attrac- 
tion of the fun ; but the extreme difficulty, and perhaps im- 
pofubility, of procuring the other data neceflary for this pur- 
pofe appeared to me to be fuch objections againft the fcheme, 
when I firft thought of it, that I, gave it then no farther confi- 
deration. As fome late obfervations, however, begin to give 
us a little more chance of procuring fome at leaft of fhefe data, 
I thought it would not be amifs, that aftronomers fhould be. 
apprized of the method, I propofe (which, as far as I know, 
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has not been fuggefted by any one elfe) left, for want of being 
aware of the ufe, which may be made of them, they mould 
neglect to make the proper obfervations, when in their power ; 
I ftiall therefore beg the favour of you to prefent the following 
paper on this fiibject to the Royal Society. 

I am, &c. 

THE very great number of ftars that have been discovered 
to be double, triple, &c. particularly by Mr. Herschel *, if 
we apply the do&rine of chances, as I have heretofore done in 
my " Enquiry into the probable Parallax, &c. of the Fixed 
" Stars," published in the Philofophical Tranfa&ions for the 
year 1767, cannot leave a doubt with any one, who is properly 
aware of the force of thofe arguments, that by far the greateft 
part, if not all of them,, are fyftems of ftars fo near to each 
other, as probably to be liable to be affe&ed fenfibly by their 
mutual gravitation ; and it is therefore not unlikely, that the 
periods of the revolutions of fome of thefe about their princi- 
pals (the fmaller ones being, upon this hypothefis, to be con- 
fidered as fatellites to the others) may fome time or other be 
difcovered. 

2. Now the apparent diameter of any central body, round 
which any other body revolves, together with their apparent 
diftance from each other, and the periodical time of the revolv- 

* See his Catalogue of Stars of this kind, published in the Philofophical Tranf- 
a&ions for the year 178a, which is indeed a raoft valuable prefent to the agrono- 
mical world. By a happy application of very high magnifyiug powers to his 
telefcopes, and by a moft perfevering induftry in obferving, he has made a very 
wonderful progrefs in this branch of aftronomy, in which almoft nothing of any 
conference had been done by any one before him. 
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ing body being given, the denfity of the central body will be 
given likewife. See Sir Isaac Newton's Prin. b. III. pr. vim 
cor. 1 ., 

3. But the 'denfity of any central body being given, and the 
velocity any other body would acquire by falling towards it 
from an infinite height, or, which is the fame thing, the velo- 
city of a comet revolving in a parabolic orbit, at its furface, 
being given, the quantity of matter, and confequently the 
real, magnitude of the central body, would be given likewife: 

4. Let us now fuppofe the particles of light to be attracted 
in the fame manner as all other bodies with which we are ac- 
quainted; that is, by forces bearing the fame proportion to 
their vis inertia, of which there can be no reafonable doubt t 
gravitation being, as far as we know, or have any reafon to 
believe, an univerfal law of nature. Upon this fuppofition 
then, if any one of the fixed ftars, whofe denfity was known 
by the above-mentioned means, (hould be large enough fenfibly 
to affecl: the velocity of the light ifluing from it, we fliould 
have the means of knowing its real magnitude, &c. 

5. It has been demonftrated by Sir Isaac Newton, in the 
59th propofition of the firft book of his Principia, that if a 
right line be drawn, in the direction of which a body is urged 
by any forces whatfoever, and there be erefted at right angles 
to that line perpendiculars every where proportional to the 
forces at the points, at which they are erected refpectively, the 
velocity acquired by a body beginning to move from reik, in 
confequence of being fo urged, will always be proportional to 
the fquare root of the area defcribed by the aforefaid perpendi- 
culars. And hence,. 

6. If fuch a body, inftead of beginning to move from reft, 
had already fome velocity in the direction of the fame line, 

whea 
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when it began to be urged by the aforefaid forces, its velocity 
would then be always proportional to the fquare root of the 
fum or difference of the aforefaid area, and another area, whole 
fquare root would be proportional to the velocity which the 
body had before it began to be fo urged ; that is, to the fquare 
root of the fum of thofe areas, if the motion acquired was in 
the fame direction as the former motion, and the fquare root of 
the difference, if it was in a ; contrary direction. See cor. 2. to 
the abovefaid proportion. 

7. In order to find, by the foregoing propolition, the velo- 
city which a body would acquire by falling towards any other 
central body, according to the common law of gravity, let C in 
the figure (tab. III.) reprefent the centre of the central body, to- 
wards which the falling body is urged, and let CA be a line drawn 
from the point C, extending infinitely towards A. If then the 
line RD be fuppofed to reprefent the force, by which the fal- 
ling body would be urged at, any point D, the velocity which it 
would have acquired by falling from an infinite height to the 
place D would be the fame as that which it would acquire by 
falling from D to C with the force RD, the area of the infi- 
nitely extended hyperbolic fpace ADRB, where RD is always 
inverfely proportional to the fquare of DC, being equal to the 
rectangle RC contained between the lines RD and CD. From 
hence we may draw the following corollaries. 

8. Cor. 1. The central body DEF remaining the fame, and 
confequently the forces at the fame diftances remaining the 
fame likewife, the areas of the rectangles RC, rC will always 
be inverfely as the diftances of the points D, d from C, their 
fides RD, rd being inverfely in the duplicate ratio of the fides 
CD, Cd: and therefore, becaufe the velocity of a body falling 
from an infinite height towards the 'point C, is always in the 

fub- 
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fub-duplicate ratio of thefe rectangles, it will be in the fub- 
duplicate ratio of the lines CD, Cd inverfely. Accordingly the 
velocities of comets revolving in parabolic orbits are always in 
the fub-duplicate ratio of their diftanees from the fun in- 
verfely ; and the velocities of the planets, at their mean dif- 
tances (being always in a given ratio to the velocity of fuch 
comets, viz. in the fub-duplicate ratio of 1 to 2) muft neceffa- 
rily obferve the fame law likewife. 

9. Cor. 2. The magnitude of the central body remaining 
the fame, the velocity of a body falling towards it ' from an 
infinite height will always be, at the fame diftance from the 
point C, taken any where without the central body, in the 
fub-duplicate ratio of its denfity; for in this cafe the diftance 
Cd will remain the fame, the line rd only being increafed or 
diminifhed in the proportion of the denfity, and the rectangle 
rC confequently increafed or diminished in the fame proportion. 

10. Cor. 3. The denfity of the central body remaining the 
fame, the velocity of a body falling towards it from an infinite 
height will always be as its femi-diameter, when it arrives at 
the fame proportional diftance from the point C ; for the 
weights, at the furfaces of different fphaeres of the fame denfity 
are as their respective femi-diameters ; and therefore the fides 
RD and CD, or any other fides rd and Cd, which are in a 
given ratio to thofe femi- diameters, being both increafed or 
diminifhed in the fame proportion, the re£hngles RC or rC 
will be increafed or diminifhed in the duplicate ratio of the 
femi-diameter CD, and confequently the velocity in the fimple 
ratio of CD. 

11. Cor. 4. If the velocity of a body falling from an. infinite 
height towards different central bodies is the fame, when it ar- 
rives at their furfaces, the denfity of thofe central bodies muft be 

4 i& 
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in the duplicate ratio of their femi-diameters inverfely ; for by 
the laft cor. the denfity of the central body remaining the 
fame, the rectangle RC will be in the duplicate ratio of CD ; 
in order therefore that the rectangle RC may always remain the 
fame, the line RD muft be inverfely, as CD, and confequently 
the denfity inverfely, as the fquare of CD. 

12. Cor. 5. Hence the quantity of matter contained in thofe 
bodies muft be in the fimple ratio of their femi-diameters di- 
rectly ; for the quantity of matter being always in a ratio com- 
pounded of the fimple ratio of the denfity, and the triplicate 
ratio of their femi-diameters, if the denfity is in the inverfe 
duplicate ratio of the femi-diameters, this will become the direct 
triplicate and inverfe duplicate, that is, when the two are com- 
pounded together, the fimple ratio of the femi-diameters, 

1 3. The velocity a body would acquire by falling from an in- 
finite height towards the fun, when it arrived at his furface, 
being, as has been faid before in article 3d, the fame with that 
of a comet revolving in a parabolic orbit in the fame place, 
would be about 20,72 times greater than that of the earth in 
its orbit at its mean diftauce from the fun ; for the mean dif- 
tance of the earth from the fun, being about 214,64 of the 
fun's femidiameters, the velocity of fuch a comet would be 
greater at that diftance than at the diftance of the earth from 
the fun, in the fub-duplicate ratio of 214,64 to 1, and the ve- 
locity of the comet being likewife greater than that of planets, 
at their mean diftances, in the fub-duplicate ratio of 2 to 1 ; 
thefe, when taken together, will make the fub-duplicate ratio 
of 429,28 to 1, and the fquare root of 429,28 is 20,72, very 
nearly. 

14. The 
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1 4. The fame refult would have been obtained by taking the 
line RD proportional to the force of gravity at the fun's fur- 
face, and DC equal to his femi-diameter, and from thence 
computing a velocity, which fhould be proportional to the 
fquare root of the area RC when compared with the fquare 
root of another area, one of whofe fides mould be proportional 
to the force of gravity at the furface of the earth ; and the other 
fhould be, for inflance, equal to 16 feet, 1 inch, the fpace a 
body would fall through in one fecond of time, in which Cafe 
it would acquire a velocity of 32 feet, 2 inches per fecond. 
The velocity thus found compared with the velocity of the 
earth in its orbit, when computed from the fame elements, ne- 
ceffarily gives the fame refult. I have made ufe of this latter 
method of computation upon a former occafion, as may be feen 
in Dr. Priestley's Hiftory of Optics, p. 787, &c. but I have 
rather chofen to take the velocity from that of a comet, in the 
article above, on account of its greater fimplicity, and its more 
immediate connexion with the fubjeft of this paper. 

15. The velocity of light, exceeding that of the earth in its 
orbit, when at its mean diflance from the fun, .in- the propor- 
tion of about 10.310 to 1, if we divide 10.310 by 20,72, the 
quotient 497, in round numbers, will exprefs the number of 
times, which the velocity of light exceeds the velocity a body 
could acquire by falling from an infinite height towards the 
fun, when it arrived at his furface ; and an area whofe fquare 
root fhould exceed the fquare root of the area RC, where RD 
is fuppofed to reprefent the force of gravity at the furface of 
the fun, and CD is equal to his femi diameter, in the fame 
proportion, mufl confequently exceed the area RC in the pro- 
portion of 247.009, the fquare of 497 to 1. 

Vox.. LXXIV. G *6. Hence 
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16. Hence, according to article 10, if the femi-diameter of 
a fphaere of the fame denfity with the fun were to exceed that of 
the fun in the proportion of 500 to 1 , a body falling from an 
infinite height towards it, would have acquired at its furface a 
greater velocity than that of light, and consequently, fup- 
poling light to be attracted by the fame force in proportion to> 
its vis inertiae, with other bodies, all light emitted from fuch a 
body would be made to return towards it, by its own proper 
gravity. 

1 7. But if the femi-diameter of a fphaere, of the fame den- 
fity with the fun, was of any other fize lefs than 497 times 
that of the fun, though the velocity of the light emitted from 
fuch a body, would never be wholly deftroyed, yet would it 
always fuffer ibme diminution, more or lefs, according to the 
magnitude of the faid fphaere ; and the quantity of this diminu- 
tion may be eafily found in the following manner : Suppofe S 
to reprefent the femi-diameter of the fun, and aS to reprefent 
the femi-diameter of the propofed fphasre ; then, as appears 
from what has been {hewn before, the fquare root of the dif- 
ference between the fquare of 497 S and the fquare of aS will 
be always proportional to the ultimately remaining velocity, 
after it has fuffered all the diminution, it can porfibly fuffer 
from this caufe ; and confequently the difference between the 
whole velocity of light, and the remaining velocity, as found 
above, will be the diminution of its velocity. And hence the 
diminution of the velocity of light emitted from the fun, on 
account of it's gravitation towards that body, will be fome- 
what lefs than a 494.ooodth part of the velocity which it 
would have had if no fuch diminution had taken place ; for 
the fquare of 497 being 247.009, and the fquare of 1 being 1, 
the diminution of the velocity will be the difference between 

2, the 
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the fquare root of 247.009, and the fquare root of 247.008, 
which amounts, as above, tofomewhat lefsthan one 494.000th 
part of the whole quantity. 

18. The fame effects would likewife take place, according 
to article 11, if the femi- diameters were different from thofe 
mentioned in the two laft articles, provided the denfity was 
greater or lefs in the duplicate ratio of thofe femi-diameters in- 
verfely. 

19. The better to illuftrate this matter, it may not be amifs 
to take a particular example. Let us fuppofe then, that it 
fhould appear from obfervations made upon fome one of thofe 
double ftars above alluded to, that one of the two performed 
its revolution round the other in 64 years, and that the central 
one was of the fame denfity with the fun, which it muft be, 
if its apparent diameter, when feen from the other body, was 
the fame as the apparent diameter of the fun would be if feen 
from a planet revolving round him in the fame period : let us 
further fuppofe, that the velocity of the light of the central 
body was found to be lefs than that of the fun, or other ftars 
whofe magnitude was not fufficient to affecT: it fenfibly, in the 
proportion of 19 to 20. In this cafe then, according to arti- 
cle 17, the fquare root of 247.009 SS muft be to the fquare root 
of the difference between 247.009 SS and aaSS as 20 to 19. 
But the fquares of 20 and 19 being 400 and 361, the quantity 
247.009 SS muft therefore be to the difference between this 
quantity and aaSS in the fame proportion, that is as 247.009 to 
222.925,62 ; and aaSS muft confequently be equal to 24.083, 
38 SS, whofe fquare root 155,2 S nearly, or, in round num- 
bers, 155 times the diameter of the fun, will be the diameter 
of the central ftar fought. 

G 2 20. As 
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20. As the fquares of the periodical times of bodies, revolv- 
ing round a central body, are always proportional to the cubes 
of their mean diftances, the diftance of the two bodies from 
each other muft therefore, upon the foregoing fuppofitions, be 
fixteen times greater in proportion to the diameter of the central 
body, than the diftance of the earth from the fun in proportion 
to his diameter ; and that diameter being already found to be 
alfo greater than that of the fun in the proportion of 155,2 to 1, 
this diftance will confequently be greater than that of the earth 
and fun from each other in the proportion of 16 times 155,?, 
that is 2483,2 to 1. 

21. Let us farther fuppofe, that from the obfervations, the 
greater!: diftance of the two ftars in queftion appeared to be 
only one fecond ; we muft then multiply the number 2485,2 
by 206.264,8, the number of feconds in the radius, of a circle, 
and the product 512.196.750 will (hew the number of times 
which fuch a ftar's diftance from us muft exceed that of the fun. 
The quantity of matter contained in fuch a ftar would be 
1 55,2* or 3.738.308 times as much as that contained in the 
fun ; its light, fuppofing the fun s light to take up 8'. 7". in 
coming to the earth, would, with its common velocity, require 
7.900 years to arrive at us, and 395 years more 011 account of 
the diminution of that velocity ; and fuppofing fuch a ftar to 
be equally luminous with the fun, it would ftill be very fuf- 
ficiently vifible, I apprehend, to the naked eye, notwithftand- 
ing its immenfe diftance. 

22. In the elements which I have employed in the above com- 
putations, I have fuppofed the diameter of the central ftar to 
have been obferved, in order to afcertain its denfity, which, 
cannot be known without it ; but the diameter of iuch a ftar is 
e much 



Diflance, Magnitude, &c. of the Fixed Stars, &c. 45 

much too fmall to be obferved by any telefcopes yet exiflinp;, 
or any that it is probably in the power of human abilities to 
make; for the apparent diameter of the central Oar, if of the 
fame denfity with the fun, when feen from another body, 
which would revolve round it in 64 years, would be only the 
1717th part of the diflance of thofe bodies from each other, as 
will appear from multiplying 107,32, the number of times the 
fun's diameter is contained in his diflance from the earth, by 16, 
the greater proportional diflance of the revolving body, cor- 
refponding to 64 years inflead of 1. Now the 1 7 1 7th part of a 
fecond mufl be magnified 309.060 times in order to give it an 
apparent diameter of three minutes ; and three minutes, if the 
telefcopes were mathematically perfect, and there was no want 
of diflinctnef s in the air, would be but a very fmall matter to 
judge of*. 

23. But 

* InMr.HERSCHEi/s Obfervations upon the Fixed Stars abovementioned, almoft 
all of them are represented as appearing with a well-defined round difc. That thi» 
is not the real difc, but only an optical appearance, occafioned perhaps by the 
conflitution of the eye, when the pencil, by which obje&s are feen, is io exceed- 
ingly fmall as thofe which he employed upon this occafion, is very manifeft, from 
the obfervations thenifelves, of which indeed Mr. Herschel feems to be himfelf 
fufficieutly aware : if it were not fo, the inteniity of the light of thefe ftars muft 
either be exceedingly inferior indeed to that of the fun, or they muft be immenfely 
larger, othervvife they mufl. have a very fenfible parallax;, for the fun, if removed 
to io.ooo.ooq times his prefent diflance, would ftill, I apprehend,, be of about 
the brightnefs of the ftars of the fixth magnitude ; in which cafe he muft be mag- 
nified i .000.000 times to make his apparent difc of any fenfible magnitude; or, 
on the other hand, if he was only removed to a thoufandth part of that diflance, 
then he muft be lefs luminous in the proportion of 1 .000.000 to 1, to make hirre- 
appear no brighter than a ftar of the fixth magnitude. Now the fun's diameter 
being contained nearly 2 1 5 times in the diameter of the earth's orbit, the annual-, 
parallax therefore of fuch a body in that cafe, if it was placed in the pole of the 

ecliptics, 



4' 6 Mr. Micheli. on the Means of dlfcovering the 

23. Bat though there is not the leaft probability that this 
element, fo effential to be known, in order to determine with 
precifion the exadt diftance and magnitude of a ftar, can ever be 
obtained, where it is in the fame circumftances, or nearly the 
fame, with thofe above fuppofed, yet the other elements, fuch 
as perhaps may be obtained,, are fufficient to determine the dif- 
tance, &c. with a good deal of probability, within fome mode- 
rate limits ; for in whatever ratio the real diftance of the two 
ftars may be greater or lefs than the diftance fuppofed, the den- 
fity of the central ftar muft be greater or lefs in the fixth 
power of that ratio inverfely ; for the periodic time of the re- 
volving body being given, the quantity of matter contained in 
the central body muft be as the cube of their diftance from each 
other. See Sir I. Newton's Prin. b. 3d. pr. 8th. cor 3d. But 
the quantity of matter in different bodies, at whofe furfaces the 
velocity acquired by falling from an infinite height is the fame, 
muft be, according to art. 1 2, directly as their femi-diameters ; 
the femi-diameters therefore of fuch bodies muft be in the tri- 
plicate ratio of the diftance of the revolving body ; and confe- 
quently their denfities, by art. 1 1 , being in the inverfe dupli- 
cate ratio of their femi-diameters, muft be in the inverfe {ex- 
tuplicate ratio of the diftance of the revolving body. Hence 
if the real diftance mould b<? greater or lefs than that fuppofed, 
in the proportion of two or three to one, the denfity of the cen- 
tral body muft be lefs or greater, in the firft cafe, in the pro- 
portion of 64, or in the latter of 729 to 1. 

ecliptic, would be 215 times its apparent diameter; and as the bright ftar in 
Lyra appeared to Mr. Herschei, about a third part of afecond in diameter, if this 
was its real dife, and it was no bigger than the fun, it would confequently have 
ita annual parallax in the pole of the ecliptic of about 72". 

24. There 
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24. There is alfo another circumftance, from which perhaps 
fome little additional probability might be derived, with regard 
to the real diftance of a {tar, fuch as that we have fuppofed ; 
but upon which however, it muft be acknowledged, that no 
great ftrefs can be laid, unlefs we had fome better analogy to go 
upon than we have at prefent. The circumftance I mean is the 
greater fpecific brightnefs which fuch a ftar muft have, in pro- 
portion as the real diftance is lefs than that fuppofed, and vice 
vend ; fince, in order that the ftar may appear equally luminous, 
its fpecific brightnefs muft be as the fourth power of its diftance 
inverfely ; for the diameter of the central ftar being as the 
cube of the diftance between that and the revolving ftar, and 
their diftance from the earth being in the fimple ratio of their 
diftance from each other, the apparent diameter of the central 
ftar muft be as the fquare of its real diftance from the earth, 
and confequently, the furface of a fph<ere being as the fquare of 
its- diameter, the area of the apparent difc of fuch a ftar muft 
be as the fourth power of its diftance from the earth ; but in 
whatever ratio the apparent difc of the ftar is greater or lefs, 
in the fame ratio inverfely muft be the intenfity of its light, 
in order to make it appear equally luminous. Hence, if its real 
diftance fhould be greater or lefs than that fuppofed in the pro- 
portion of 2 or 3 to 1, the intenfity of its light muft be lefs or 
greater, in the ftrft cafe, in the proportion of 16, or, in the 

latter of 81 to 1. 

25. According to Monf.BouGUER (fee hisTraite d'Optique) 
the brightnefs of the fun exceeds that of a wax candle in no 
lefs a proportion than that of 8000 to 1. If therefore the bright- 
nefs of any of the fixed ftars ftiould not exceed that of our com- 
mon candles, which, as, being fomething lefs luminous than 

wax. 



4.8 Mr. Mick ell on the Means of dytoverhig the 

wax, we will fuppofe in round numbers to be only one 
io.ooodth part as bright as the fun, fuch a ftar would not be 
vifible at more than an ioodfrh part of the diftance, at which 
it would be vifible, if it was as bright as the fun. Now be- 
caufe the fun would flill appear, I apprehend, as luminous, as 
the ftar Sirius, when removed to 4.00.000 times his prefent 
diftance, fuch a body, if no brighter than our common candles, 
would only appear equally luminous with that ftar at 4000 
times the diftance of the fun, and we might then begin to be 
able, with the beft telefcopes, to diftinguifh fome fenfible ap- 
parent diameter of it ; but the apparent diameters of the ftars 
of the lefs magnitudes would ftili be too fmall to be diftinguifh- 
able even with our beft telefcopes, unlefs they were yet a good 
.deal lefs luminous, which may poffibly however be the cafe 
with fome of them ; for, though we have indeed very flight 
grounds to go upon with regard to the fpecific brightnefs of the 
fixed ftars compared with that of the fun at prefent, and can 
therefore only form very uncertain and random conjectures 
concerning it, yet from the infinite variety which we find in 
the works of the creation, it is not unreafonable to fufpecr., 
that very poffibly fome of the fixed ftars may have fo little na- 
tural brightnefs in proportion to their magnitude, as to admit 
of their diameters having fome fenfible apparent fize, when 
they fhall come to be more carefully examined, and with larger 
and better telefcopes than have been hitherto in common ufe. 

26. With regard to the fun, we know that his whole fur- 
face is extremely luminous,' a very fmall and temporary inter- 
ruption fometimes from a few fpots only excepted. This uni- 
verfal and excefiive brightnefs of the whole furface is probably 
owing to an atmofphaere, which being luminous throughout 

and 
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and in fome meafure alfo transparent, the light, proceeding 
from a confiderable depth of it, all arrives at the eye ; in the 
fame manner as the light of a great number of candies would 
do, if they were placed one behind another, and their flames 
were fufficiently tranfparent to permit the light of the more 
diftant ones to pafs through thofe that were nearer, without 
any interruption. 

27. How far the fame conftitution may take place in the 
fixed ftars we don't know ; probably however it may do lb in 
many ; but there are fome appearances with regard to a few of 
them, which feem to make it probable, that it does not do fa 
univerfally. Now, if I am right in fuppofing the light of 
the fun to proceed from a luminous atmofphaere, which muft 
neceflarily difFufe itfelf equally over the whole furface, and I 
think there can be very little doubt that this is really the cafe, 
this conftitution cannot well take place in thofe ftars, which 
are in fome degree periodically more and lefs luminous, fuch 
as that in Coilo Ceti, &c. It is alfo not very improbable, that 
there is fome difference from that of the fun, in the conftitution 
of thofe ftars, which have fometimes appeared and fometimes 
difappeared, of which that in the conftellation of Cafliopeia is a 
notable inftance. And if thofe conje&ures are well founded 
which have been formed by fome philofophers concerning ftars 
of thefe kinds, that they are not wholly luminous, or at leaft 
not conftantly fo, but that all, or by far the greateft part of 
their furfaces is fubjeft to confiderable changes, fometimes be- 
coming luminous, and at other times being extinguished; it is 
amongft the ftars of this fort, that we are moft likely to meet 
with inftances of a fenfible apparent diameter, their light being 
much more likely not to be fo great in proportion as that of 
the fun, which, if removed Co four hundred thoufarid times 
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hisprefent diftance would ftill appear, I apprehend, as bright its 
Sirius, as I have obferved above ;. whereas it is hardly to be ex* 
pected, with any telefcopes whatfbever> that we mould ever be 
able to diftingulfh a well defined difc of any body of the fame 
fize with the fun at much more than ten thoufand times his 
diftance. 

28. Hence the greateft diftance at which it would be poflible 
to diftinguifh any fenfible apparent diameter, of a body as denfe 
as the fun cannot well greatly exceed five hundred times ten 
thoufand, that is, five million times the diftance of the fun ; 
for if the diameter of fuch a body was not lefs than five hun- 
dred times that of the fun, its light, as has been fhewn above,, 
in art. 16. could never arrive at us. 

29. If there mould really exift in nature any bodies, whofe- 
denfity is not lefs than that of the fun, and whofe diameters are. 
more than 500 times the diameter of the fun, fince their 
light could not arrive at us ; or if there mould exift any other 
bodies of a fbmewhat fmaller fize, which are not naturally lu- 
minous ; of the exiftenee of bodies under either of thefe cir* 
cumftances, we could have no information from fight ; yet, if 
any other luminous bodies mould happen to revolve about them 
we might ftill perhaps from the motions of thefe revolving 
bodies infer the exiftenee of the central ones with fbme degree 
of probability, as this might afford a clue to fome of the ap- 
parent irregularities of the revolving bodies, which would not 
be eafily explicable on any other hypothefis ; but as the con- 
fequences of fuch a fuppofition are very obvious, and the 
confideration of them fomewhat befide vay prefent purpofe, I 
mail not profecute them any farther. 

1 30. The 
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30. The diminution of the velocity of light, in cafe it 
Should be found to take place in any of the fixed ftars, is the 
principal phenomenon whence it is propofed to difcover their 
diftance, &c Now the means by which we may find what 
this diminution amounts to, feems to be fupplied by the dif- 
ference which would be occasioned in confequence of it, in the 
refrangibility of the light, whofe velocity mould be fb dimi- 
minifhed. For let us fuppofe with Sir Isaac Newton (fee 
his Optics, prop. vi. paragr. 4 and 5) that the refraction, 
of light is occafioned by a certain force impelling it to- 
wards the refracting medium, an hypothefis which perfect- 
ly accounts for all the appearances. Upon this hypothefis 
the velocity of light in any medium, in whatever direction it 
falls upon it, will always bear a given ratio to the velocity it 
liad before it fell upon it, and the fines of incidence and re- 
fraction will, in confequence of this, bear the fame ratio to 
each other with thefe velocities inverfely. Thus, according to 
this hypothefis, if the fines of the angles of incidence and 
refraction, when light pafies out of air into glafs, are in the 
ratio of 3 1 to 20, the velocity of light in the glafs muft be to 
its velocity in air in the fame proportion of 31 to 20. But be- 
eaufe the areas, reprefenting the forces generating thefe veloci- 
ties, are as the fquares of the velocities, fee art. 5. and 6. thefe 
areas muft be to each other as 961 to 400. And if 400 repre- 
fents the area which correfponds to the force producing the ori- 
ginal velocity of light, 561, the difference between 961 and 
400, muft reprefent the area correfponding to tha additional 
force, by which the light was accelerated at the furface of the 
glafs. 

31. In art. 19. we fuppofed, by way of example, the velo- 
city of the light of fome particular ftar to be diminifhed in the 
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ratio of 19 to 20, and it was there obferved, that the area re* 
preferring the remaining force which would be neceflary to 
generate the velocity 1 9, was therefore properly reprefented by 
^4.4-dth parts of the area, that fhould reprefent the force that 
would be neceflary to generate the whole velocity of light, 
when undiminifhed. If then we add 561, the area reprefenti 
ing the force by which the light is accelerated at the furface of 
the glafs, to 361, the area reprefenting the force which would 
have generated the dtminifhed velocity of the ftar's light, the 
fquare root of 922, their fum, will reprefent the velocity of 
the light with the diminifhed velocity, after it has entered the 
glafs. And the fquare root of 922 being 30,364, the fines of 
incidence and refractum of fuch light out of air into glafs will 
confequently be as 30,3.64 to 19, or what is equal to it, as 
31,96 to 20 inftead of 31 to 20, the ratio of the fines of inci- 
dence and refraction, when the light enters the glafs with its 
velocity undiminished* 

32. From hence a prifm, with a fmalf refracting angle, 
might perhaps be found to be no very inconvenient inftrument 
for this purpofe : for by fuch a prifm, whofe refracting angle 
was of one minute, for inftance, the light with its velocity 
undiminifhed would be turned out of its way ^', and with 
the diminifhed velocity 35", 88 nearly r the difference between 
which being almoft 2''. S3'"* would be the quantity by which 
the light, whofe velocity was diminifhed, would be turned out 
of its way more than that whofe velocity was undiminifhed. 

^ Let us now be fuppofed to make ufe of fuch a prifm to 
look at two ftars, under the fame circumftances as the two ftars 
in the example above-mentioned, the central one of which 
fhould be large enough to diminifh the velocity of its light one 
twentieth part, whilfl the velocity of the light of the other, 

which 
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which was fuppofed to revolve about it as a fatellite, for want 
of fufficient magnitude in the body from whence it wasemitr 
ted, mould fuffer no fenfible diminution at all. Placing then 
the line, in which the two faces of the prifm would interfedt 
each other, at right angles to a line joining the two ftar s; if 
the thinner part of the prifm lay towards the fame point of the 
heavens with the central ftar, whofe light would be moft turned 
out of its way, the apparent diftance. of the ftars would be in- 
creafed .2". $%'" and confequently become 3". 53'" ihftead of 1", 
only, the apparent diftance fuppofed above in art. 21. On the. 
contrary, if the prifm mould be turned half way round,, and 
its thinner part lye towards the fame point of the, heavens with 
the revolving ftar, their diftance muft be dianiniihed by. a like 
quantity, and the central ftar therefore would appear \" . k,^" difc 
tant frormthe other on the oppofite fide of it, having been removed 
from its place near three times the whole-diftance between them; 

34. As a prifm might be madeufe of. for this purpofe, which 
mould have a much, larger refrading. angle than that we .have, 
propofed, efpecially if it was conftrufted in the achromatic 
way, according to Mr. dollond's principles, not only fuch.a 
diminution, as one part in twenty, might be made, ftill more 
diftinguimable ; but we might probably be able to difcover 
confiderably lefs diminutions in the velocity of. light, as per- 
haps a hundredth, a two-hundredth, a five-hundredthf or even 
a thoufandth part of the whole, which, according to what 
has been faid above, would be occafioned by fphaeres, whole 
diameters fhould be to that of the fun, provided they were of 
the fame denfity, in the feveral proportions nearly of 70, 50* 
30, and 22 to 1 refpe&ively. 

35. If fuch a diminution of the velocity of light, as^that 
above fuppofed, lhould be found really to take place, ,in confer 
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quence of its gravitation towards the bodies from whence it is 
emitted, and there mould be feveral of the fixed frars large 
enough to make it fufficiently fenfible, a fet of obfervations 
upon this fubjeit might probably give us fome considerable in- 
formation with regard to many circumstances of that part of 
the univerfe, which is vifible to us. The quantity of matter 
contained in many of the fixed ftars might from hence be judged 
of, with a great degree of probability, within fome moderate 
limits ; for though the exact quantity muft ftill depend upon 
their denfity, yet we muft fuppofe the denfity moft enormoufly 
different from that of the fun, and more fo, indeed, than one 
can eafily conceive to take place in fact, to make the error of 
the fuppofed quantity of matter very wide of the truth, fince 
the denfity, as has been fhewn above in art. u. and 12. which 
is neceffary to produce the fame diminution in the velocity of 
Jight, emitted from different bodies, is as the fquare of the 
quantity of matter contained in thofe bodies inverfely. 

36. But though we might poffibly from hence form fome 
.reafonableguefs at the quantity of matter contained in feveral 
-of the fixed iiars ; yet, if they have no luminous fatellites 
revolving about them, we ihall ftill be at a lofs to form any 
probable judgment of their diftance, unlefs we had fome ana- 
logy to go upon for their fpecific brightnefs, or had fomeothex 
means of difcovering it ; there is, however, a cafe that may 
poffibly occur, which may tend to throw fome light upon this 
matter. 

37. I have fhewn in my Enquiry into the probable Parallax, 
,&c. of the Fixed Stars, publifhed in the Philofophical Trans- 
actions for the year 1767, the extremely great probability there 
is, that many of the fixed ftars are collected together into 
groups ; and that the Pleiades in particular constitute one of 
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thefe groups. Now of the ftars which we there fee collected 
together, it is highly probable, as I have obferved in that paper, 
that there is not one in a hundred which does not belong to the 
group itfelf; and by far the greateft part, therefore, according 
to the fame idea, murr. lye within a fphaere, a great circle of 
which is of the fame fize with a circle, which appears to us 
to include the whole group. If we fuppofe, therefore, this 
circle to be about 2°. in diameter, and confequently only about 
a thirtieth part of the diftance at which it is feen, we may 
conclude, with, the higheft degree of probability, that by far 
the greateft part of thefe ftars do not differ in their diftances 
from the fun- by more than about one part in thirty, and from 
thence deduce a fort of fcale of the proportion of the light 
which is produced by different ftars of the fame group or fyftem 
in the Pleiades at leaft ; and, by a fomewhat probable analogy, 
we may do the fame in other fyftems likewife. But having 
yet no means of knowing their real diftance, orfpecific bright- 
nefs, when compared either with the fun or with one another, 
we mail ftill want fomething more to form a farther judgment 
from. 

38. If, however,, it mould be found, that amongft the 
Pleiades, or any other like fyftem, there are fbme ftars that are 
double, triple, &c. of which one is a larger central body, with 
one or more fatellites revolving about it, and the central body 
ftiould likewife be found to diminim the velocity of its light; 
and more efpecially, if there fhould be feveral fuch inftances 
met with in the fame fyftem ; we mould then begin to have a 
kind of meafure both of the diftance of fuch a fyftem, of ftars 
from the earth, and of their mutual diftances from each other. 
And if feveral inftances of this kind mould occur in different 
groups or fyftems of ftars,, we might alfo, perhaps, begin to 
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form fbme probable conjectures concerning the fpeci fie denfity 
and brightnefs of the ftars themfelves, efpecially if there 
fhould be found any general analogy between the quantity of 
the diminution of the light and the diftance of the fyftem de- 
duced from it; as, for inftance, if thofe liars, which had the 
greateft effect, in diminifhing the velocity of light fhould in 
general give a greater diftance to the -fyftem, when fuppofed to 
be of the fame denfity with the fun, we might then naturally 
conclude from thence, that they are lefs in bulk, and of 
.greater fpecificdenfity, than thofe flars which diminifh the ve- 
locity of light lefs, and vice verfti. In like manner, if the 
larger ftars were to give us in general a greater or lefs quan- 
tity of light in proportion to their bulk, this would give us a 
kind of analogy, from whence we might perhaps form "fome 
judgment of the Specific brightnefs of the ftars in general; 
but, at all adventures, we fhould have a pretty tolerable mea- 
fure of the comparative brightnefs of the fun and thofe ftars, 
upon which fuch obfervations fhould be made, "if the refult of 
them fhould turn out agreeable to the ideas above explained. 

39. Though it is not improbable, that a few years may in- 
form us, that fome of the great number of double, triple ftars, 
&c. which have been obferved by Mr. Herschel, are fyftems 
of bodies revolving about each other, efpecially if a few more 
obfervers, equally ingenious and induftrious with himfelf could 
be found to' fecond his labours; yet the very great diftance at 
which it is not unlikely many of the fecondary ftars may be 
placed from their principals, and the confequently very long 
periods of their revolutions*, leave very little room to hope 

that 

* If the fun, when removed to io.OOO OOO times his prefent diftance, would 
slill appear as bright as a liar of the fixth magnitude, which I apprehend to be 
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that any very great progrefs can be made in this fubje& for 
many years, or perhaps fome ages to come ; the above outlines, 
therefore, of the ufe that may be made of the obfervations 
upon the double ftars, &c. provided the particles of light 
mould be fubjedt to the fame law of gravitation with other 
bodies, as in all probability they are, and provided alfo that 
fome of the flars mould be large enough fenfibly to diminifti 
their velocity, will, I hope, be an inducement to thofe, who 
may have it in their power, to make thefe obfervations for the 
benefit of future generations at leaft, how little advantage 
foever we may expeft from them ourfelves ; and yet very pof- 
fibly fome obfervations of this fort, and fucb. as may be made 
in a few years, may not only be fyfEcjent to do fomething, even 
at prefent, but alfo to (hew, that much more may be done 
hereafter, when thefe obfervations fhali become more numerous, 
and have been continued for a linger period of years,. 

pretty near the truth, any fatellite revolving rpupd. fuc,h a (tar, provided the ftar 
wa.s not either of lefs, fpecifie b.rightnefs., or of greater denfity than the fun, 
rnuft, if it appeared at its gre.afeft elongation, at the diftance of ope fecond only 
from its principal, be between three and four hundred years in performing one 
revolution ; and the time of the revolution of the very fmall ftar near a Lyra:, if 
it is a fatellite to this latter, and its principal is of the fame fpecifie brightnefs and 
denfity with the fun, cpuld hardly be lefs, than eight hundred years, though 37" 
the diftance at which it is placed from it, according to Mr. Hprschei.'s obfer- 
vations, flipukl happen to be. its greateft diftance. Thefe periodical times, 
however, are computed from the above distances, upon the fuppofxtion of the 
ftar, that revolves as a fatellite, being very much fmaller than the central one, fo 
as not to difturb its place fenfibly; for if the two ftars fhould contain equal, or 
nearly equal, quantities of matter, the periodical times might be fomewhat lefs, on 
account of their revolving about their common centre of gravity, in circles of 
little more than half as great a diameter as that in which the fatellite muft revolve 
upon the other fuppofition. 
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